Twelve flavonoids were isolated from Allium macrostemon leaves. Five compounds were identified as kaempferol 3,7-di-O-glucoside (1), kaempferol 3,4´-di-O-glucoside (2), quercetin 3-O-glucoside (3), kaempferol 3-O-glucoside (4) and isorhamnetin 3-O-glucoside (5) by UV spectra, LC-MS, acid hydrolysis and HPLC comparisons with authentic standards. Other flavonoids were characterized as kaempferol glycosides (6-8, 10 and 11) and quercetin glycosides (9 and 12). Other compounds, such as steroidal saponins, have been already found from the bulbs of A. macrostemon. However, flavonoids were reported for the first time from the leaves.
The genus Allium, family Amaryllidaceae, consists of ca. 300 species, some of which are cultivated as vegetables, such as onion (A. cepa L.) and garlic (A. sativum L.), Welsh onion (A. fistulosum L.) and so on. They are well known as rich sources of flavonoids [1] , which are noteworthy for their good effects on human health, for example, antioxidant activities [1, 2] .
In Allium species, a large number of flavonoids have been reported. In particular, a large quantity of quercetin and its glycosides have been found in onion [3, 4] . Quercetin is known as an antioxidant [5] and a preventative of cardiovascular disease [6] . Other flavonoids, such as kaempferol and isorhamnetin, were also detected in onion [7] . They are also known as functional flavonoids for human health care in edible Allium plants, so flavonoids are expected as functional compounds in other Allium species, but most of them have not been surveyed for flavonoids.
A. macrostemon Bunge is widely distributed in eastern Asia. In Japan, the species is well known as a weed. This plant is edible, like other Allium species. Several steroidal saponins, such as a series of macrostemonosides, have been reported from its bulbs [8] [9] [10] . Furthermore, these steroidal saponins has been demonstrated to have antidepressant-like activity [11] , and inhibition effects on hyperglycemia, hyperlipidemia, and visceral obesity in mice [12] , acute myocardial ischemia in rats [13] and cytotoxic activities against human cancer cell lines [9, 10] . It is clearly seen that A. macrostemon is a useful candidate as an herbal medicine. Nevertheless, flavonoid compounds have never been reported until now.
Twelve flavonoids were isolated from the leaves of A. macrostemon, and identified as kaempferol 3,7-di-O-glucoside (1), kaempferol 3,4´-di-O-glucoside (2), quercetin 3-O-glucoside (3), kaempferol 3-O-glucoside (4) and isorhamnetin 3-O-glucoside (5) by UV spectra, LC-MS, acid hydrolysis, and HPLC comparisons with authentic specimens. Other flavonoids (6-8, 10 and 11, and 9 and 12) were characterized as kaempferol and quercetin glycosides, respectively. We could not complete the identification process because of the small amounts of compounds available. Of these flavonoids, kaempferol [17] , A. neapolitanum [16] and A. porrum L. [18] , and isorhamnetin 3-O-glucoside from A. cepa [15a] . However, kaempferol 3,7-di-O-glucoside was found in Allium species for the first time.
Several kaempferol glycosides were found in the leaves of A. macrostemon. Quercetin glycosides have been detected in other Allium species, such as A. cepa [15], but they were only isolated from the bulbs. Some kaempferol glycosides and their acylated compounds were detected in the leaves of A. ursinum [19] and A. tuberosum [14a] . According to these results, it seem likely that kaempferol and quercetin glycosides are synthesized in the leaves and bulbs, respectively. Amazingly, in our HPLC survey of the bulb extracts of A. macrostemon, flavonoid peaks were apparently absent. It is evident that flavonoids are exclusively synthesized in the leaves but not bulbs. Generally, flavonoids are present in the aerial parts, such as the leaves, stems and flowers, because they act as UV-protection and flower color. In the case of onion, quercetin and its glycosides were detected in the bulbs [1] . Onion bulbs consist of leaves, but with functions below ground that are different from the leaves above ground; there are more functions of flavonoids than simply UV-protection or flower color. It is obvious that flavonoids in the leaves and bulbs are retained for different functions in Allium species. Nakane & Iwashina and 30:70:0.2 for aglycones). LC-MS were measured by a Shimadzu LC-MS system with L-column 2 ODS (I.D. 2.1×100 mm, Chemical Evaluation and Research Institute) at a flow-rate of 0.2 mL min -1 , eluted in the solvent system (MeCN/H 2 O/HCOOH 20:78:2), ESI + 4.5 kV, ESI -3.5 kV, 250 o C. Acid hydrolysis was performed in 12% HCl for 30 min on a boiling water bath. After cooling, diethyl ether was added, and aglycones and sugars were obtained from the organic layer and mother liquor, respectively. Flavonoid aglycones obtained by acid hydrolysis were characterized by HPLC comparisons with authentic samples. Glycosidic sugars were identified by TLC comparing with authentic standards using solvent systems: BBPW (n-BuOH/benzene/pyridine/H 2 O=5:1:3:3) and BTPW (n-BuOH/toluene/pyridine/H 2 O=5:1:3:3).
Plants materials:
Allium macrostemon was collected throughout Tsukuba City, Ibaraki, Japan. The voucher specimens were deposited in the herbarium of the National Museum of Nature and Science, Japan (TNS).
Extraction and isolation:
Fresh leaves (ca. 100 g) were extracted with MeOH at room temperature for 24 h. The extracts were concentrated and subjected to Amberlite XAD column chromatography. The flavonoid fraction was applied to preparative paper chromatography using as solvent systems; BAW (n-BuOH/HOAc/H 2 O=4:1:5, upper phase) and 15% HOAc. The isolated flavonoids were purified by Sephadex LH-20 column chromatography (solvent system: 70% MeOH). Further purification was by preparative HPLC.
Authentic standards: Quercetin and kaempferol 3-O-glucosides were obtained from the fronds of Cyrtomium spp. (Dryopteridaceae) [21] ; isorhamnetin 3-O-glucoside was purchasing from Extrasynthese, France.
Identification:
The isolated flavonoids were identified by UV spectroscopy, LC-MS, characterization of acid hydrolysates (aglycones and sugars), and HPLC comparison with authentic standards. Partially identified flavonoids (6) (7) (8) (9) (10) (11) (12) were characterized as flavonol glycosides by LC-MS and acid hydrolysis (aglycones).
